Oxidative stress limits vitamin D metabolism by bovine proximal tubule cells in vitro.
When bovine proximal tubule cells are placed in primary culture, they are subject to elevated oxidative stress which acts to limit the expression of mitochondrial vitamin D3 1 alpha- and 24-hydroxylase activities. This increased oxidative stress was demonstrated by increased production of cell and mitochondrial membrane lipid hyperperoxides (LOOH). This increased production was prevented by the addition of the antioxidants butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT). Cell and mitochondrial membrane LOOH increased from 1 to 2 pmol/mg protein on the day of plating to 70-90 pmol/mg protein after 6 days in culture. Pretreatment of cultures with BHA and BHT resulted in membrane LOOH of 15-20 pmol/mg protein after 6 days. Mitochondrial LOOH production was greater than total cell LOOH after 6 days. The increase in cellular oxidative stress was paralleled by decreases in both 1 alpha- and 24-hydroxylase activities toward 25-OH D3. Mitochondrial hydroxylase activities were inversely proportional to the increase in mitochondrial membrane LOOH production. Mitochondrial cytochrome P-450 content, determined spectrophotometrically, was decreased over time in culture. Mitochondrial cytochrome P-450 content determined by a specific polyclonal antibody in an enzyme-linked immunosorbant assay also decreased over time in culture. Specificity of polyclonal antibodies, raised against rat liver microsomal cytochrome P-450 RLM5, was demonstrated by the immunosequestration of both 1 alpha- and 24-hydroxylase activities from a partially purified preparation of renal mitochondrial cytochrome P-450. BHA showed the loss of 1 alpha- and 24-hydroxylase activities and mitochondrial P-450 content measured by all criteria. These experiments indicate that oxidative stress-mediated changes in hydroxylase activities are mediated directly by changes in hydroxylase content and not at distal sites. A partially purified preparation of bovine proximal tubule mitochondrial cytochrome P-450, with purified renal ferredoxin, ferredoxin reductase, and NADPH, expressed both 1 alpha- and 24-hydroxylase activities toward 25-OH D3. LOOH, derived from mitochondrial membranes of 5-day-old cultures, when added to this mixture, caused a dose-dependent decrease in both activities. These experiments suggested that an increase in mitochondrial LOOH production resulted in a loss of 1 alpha- and 24-hydroxylase activities. 1 alpha-Hydroxylase was more sensitive to the effects of LOOH treatment than 24-hydroxylase. At a ratio of LOOH:P-450 of 5:1 (molar), all 1 alpha-hydroxylase activity was lost but 50% of the 24-hydroxylase activity remained.(ABSTRACT TRUNCATED AT 400 WORDS)